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TO ALL WHOM IT MAY CONCERN: 

BE IT KNOWN THAT WE, Youhei Nagahama, a 
citizen of Japan residing at Aizuwakamatsu , Japan, 
Katsunori Wako, a citizen of Japan residing at 
Aizuwakamatsu, Japan, Yuichi Asano, a citizen of Japan 
residing at Aizuwakamatsu, Japan, Masanori Takahashi , a 
citizen of Japan residing at Aizuwakamatsu, Japan, Haruo 
Kojima, a citizen of Japan residing at Aizuwakamatsu, Japan, 
Masamichi Fujimoto, a citizen of Japan residing at 
Aizuwakamatsu, Japan, Hiroshi Ohtsubo, a citizen of Japan 
residing at Aizuwakamatsu, Japan and Yuki Yasuda, a citizen 
of Japan residing at Aizuwakamatsu, Japan have invented 
certain new and useful improvements in 

METHOD OF MANUFACTURING A SEMICONDUCTOR DEVICE 
USING A RIGID SUBSTRATE 

of which the following is a specification:- 
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TITLE OF THE INVENTION 

METHOD OF MANUFACTURING A 
SEMICONDUCTOR DEVICE USING A RIGID SUBSTRATE 

CROSS-REFERENCE TO RELATED APPLICATIONS 

This application is based upon and claims the benefit 
of priority from the prior Japanese patent application No. 2003- 
338147, filed on September 29, 2003, the entire contents of 
which are incorporated herein by reference. 

BACKGROUND OF THE INVENTION 



1. Field of The Invention 

The present invention relates to a manufacturing 
method of a semiconductor device of resin-encapsulation type 
15 using a rigid substrate. 

2. Description of the Related Art 

In a semiconductor device (semiconductor package) 
of surface mounting type, the semiconductor elements (chips) 
with the semiconductor integrated circuit formed therein are 

20 mounted on the semiconductor device surface. In such a 

semiconductor device, the bump electrodes are provided as the 
external terminals and the chip carrier substrate is provided to 
support the semiconductor elements thereon. For example, CSP 
(chip scale package), BGA (ball grid array), etc. are known as 

25 examples of this semiconductor device. 

In recent years, with the demands of the small size, 
slim and lightweight structure of electronic devices, the surface 
mounting type semiconductor packages have come to be briskly 
adopted. Among the semiconductor packages of this type, the 

30 CSP is the general term of the semiconductor package having the 

small-size and slim structure, the size being equivalent to or 
slightly larger than the chip size. 

For example, the CSP has been developed which is 
configured to have the structure that the semiconductor chips are 

35 carried on the surface of the chip carrier substrate, and a resin 

encapsulation portion is formed by carrying out the resin 
encapsulation to encompass the surface of the chip carrier 



substrate where the semiconductor chips are supported. 

There are two kinds of the resin-encapsulation type 
semiconductor packages mentioned above: one using the tape 
substrate as the chip carrier substrate, and the other using the 
rigid substrate as the chip carrier substrate. 

It is known that an example of the semiconductor 
packages of the kind using the tape substrate is the CSP in 
which a polyimide tape having certain flexibility is used as the 
tape substrate. On the other hand, it is known that an example 
of the semiconductor packages of the kind using the rigid 
substrate is the CSP in which a ceramic or resin substrate having 
certain rigidity is used as the rigid substrate. 

The unified molding method has been developed as 
the technology of improving the efficiency of production of chip 
scale packages (CSP) which are manufactured using the rigid 
substrate or the tape substrate with low cost. In the unified 
molding method, two or more semiconductor elements (chips) 
are arranged in an array formation and mounted on the chip 
carrier substrate (for example, the rigid substrate), and the chip 
array region, including the semiconductor elements, is subjected 
to the resin encapsulation and molding in a unified manner so 
that the resin-encapsulation portion is formed. After the resin 
encapsulation is performed, the dicing is performed so that the 
chip array region with the resin-encapsulation portion formed is 
divided into the respective separate chips by cutting. 

In recent years, there is the trend that the 
semiconductor packages using the rigid substrate are directed to 
having the inexpensive and slim structure, and such 
semiconductor packages are in the tendency that the rigid 
substrate is enlarged (or the whole substrate surface to be used 
to support the semiconductor element) and the rigid substrate 
has the slim structure. 

Japanese Laid-Open Patent Application No. 2002- 
110718 discloses a manufacturing method of a semiconductor 
device. In this method, a plurality of semiconductor chips are 
supported on the tape substrate, and the unified resin 
encapsulation of the same is performed. It is disclosed that, in 



order to reduce the curvature of the resin encapsulation portion, 
the unified resin encapsulation is performed using the 
encapsulation mold which is provided with the convex portion 
on the cavity formation surface of the mold. 

With the enlarged and slim structure of the rigid 
substrate, some small curvature and bending defects may arise in 
the chip carrier substrate of the semiconductor package due to 
the processing heat applied in the die-bonding process or the 
wire-bonding process. 

Subsequently, the transfer molding process is 
performed. In the transfer molding process, the curvature or 
bending defects arising in the preceding process are pushed 
toward the vent-end of the mold (or in the direction where the 
resin flows) by the resin injection pressure, and the curvature or 
bending defects are concentrated on the vent-end of the mold. 
Hence, there is the problem that the rigid substrate will curve 
greatly. 

Moreover, there is the problem that the 
semiconductor chips mounted on the rigid substrate are 
subjected to the residual stress due to the curvature or bending 
defects after the resin encapsulation is performed so that the 
semiconductor chips will be damaged, or the bonding wires will 
be deformed. 

FIG. 1A and FIG. IB are diagrams for explaining a 
conventional molding process of a semiconductor device using a 
rigid substrate. 

FIG. 1A shows a state of the semiconductor device at 
the time of resin injection in the unified molding process of the 
semiconductor device, and FIG. IB shows a state of the 
semiconductor device after the resin injection is performed. 

The rigid substrate 1 of FIG. 1A is the circuit board 
which contains a printed circuit board made of glass epoxy resin 
or a ceramic substrate. It should be noted that the rigid 
substrate 1 has some rigidity unlike the tape substrate. 

The electrodes and wiring pattern for 
interconnection with the electrodes of the semiconductor device 
are formed on the front surface of the rigid substrate 1, and the 
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electrodes for interconnection with the external electrodes are 
formed on the back surface of the rigid substrate 1. 

The encapsulation mold used by the molding process 
of FIG. 1A is provided with the upper mold 2 and the lower 
5 mold 3, and the mold cavity is formed on the back surface of the 

upper mold 2. 

In the manufacturing method of the semiconductor 
device which is in the state before the resin injection as shown 
in FIG. 1A, the rigid substrate 1 is disposed between the upper 

10 mold 2 and the lower mold 3. 

The die-bonding and wire-bonding processes are 
already performed with the rigid substrate 1 in the state of FIG. 
1A, a plurality of semiconductor elements (chips) (not shown) 
are arranged in an array formation on the chip-support surface 

15 of the rigid substrate 1. The chips are mounted in the chip array 

region of the rigid substrate 1, and the electrodes (pads) of the 
semiconductor elements and the connection terminals 
(electrodes) of the rigid substrate 1 are connected each other by 
the bonding wires. 

20 With the processing heat applied in the die-bonding 

process or the wire-bonding process, the curvature of the rigid 
substrate 1 may often arise. 

As shown in FIG. 1A, the resin 11 is injected into 
the mold cavity of the upper mold 2 from the gate-end of the 

25 mold on the right-hand side of the figure. 

As shown in FIG. IB, the resin-encapsulation portion 
is formed by carrying out the resin encapsulation of the 
semiconductor elements (chips) carried on the chip support 
surface of the rigid substrate 1 collectively with the injected 

30 resin 11. 

However, as described above, in the transfer molding 
process of FIG. 1A, the curvature or bending defects arising in 
the preceding process are pushed toward the vent-end of the 
mold (in the direction where the resin 11 flows) by the resin 
35 injection pressure, and the curvature or bending defects are 

concentrated on the vent-end of the mold. Therefore, there is 
the problem that the rigid substrate 1 will curve greatly. 



In FIG. IB, reference numeral 9 indicates the 
position of the rigid substrate 1 where a relatively large 
curvature of the rigid substrate 1 arises and the deformation of 
the wires connected to the semiconductor elements occurs. 

On the other hand, in the semiconductor packages 
using the tape substrate, the tape substrate itself has some 
flexibility, and the problem of the wire deformation as shown in 
FIG. IB does not arise. However, there is the problem that the 
tape substrate is expensive when compared with the rigid 
substrate, and it is not adequate to satisfy the recent 
requirements of the substrate enlargement and the cost reduction. 

SUMMARY OF THE INVENTION 

An object of the present invention is to provide an 
improved method of manufacturing a semiconductor device in 
which the above-described problems are eliminated. 

Another object of the present invention is to provide 
a method of manufacturing a semiconductor device of resin- 
encapsulation type using a rigid substrate in which the 
deformation of the rigid substrate after the resin encapsulation 
and the deformation of the semiconductor elements or the wires 
at the time of the resin encapsulation are reduced effectively by 
improvement of the rigid substrate or the encapsulation mold. 

The above-mentioned objects of the present 
invention are achieved by a method of manufacturing a 
semiconductor device, comprising the steps of: providing a rigid 
substrate which supports one or more semiconductor elements on 
a surface of the substrate and is clamped between an upper mold 
and a lower mold of an encapsulation mold at a time of resin 
encapsulation, so that a vent-end edge portion of the substrate 
corresponding to a vent end of the encapsulation mold has a 
thickness smaller than a thickness of other portions of the 
substrate; disposing the substrate in the encapsulation mold; and 
injecting resin into a cavity between the upper mold and the 
substrate to encapsulate the semiconductor elements with the 
resin. 

The above-mentioned objects of the present 



invention are achieved by a method of manufacturing a 
semiconductor device, comprising the steps of: providing an 
encapsulation mold having an upper mold and a lower mold for 
clamping a rigid substrate, which supports one or more 
semiconductor elements on a surface of the substrate, between 
the upper mold and the lower mold at a time of resin 
encapsulation, so that the low mold has a void at a vent end of 
the encapsulation mold which confronts a vent-end edge portion 
of the substrate; disposing the substrate in the encapsulation 
mold; and injecting resin into a cavity between the upper mold 
and the substrate to encapsulate the semiconductor elements 
with the resin. 

The above-mentioned objects of the present 
invention are achieved by a method of manufacturing a 
semiconductor device, comprising the steps of: providing a rigid 
substrate which supports one or more semiconductor elements on 
a front surface of the substrate and is clamped between an upper 
mold and a lower mold of an encapsulation mold at a time of 
resin encapsulation; attaching a cover film to a back surface of 
the substrate so that the back surface of the substrate except a 
vent-end edge portion of the substrate corresponding to a vent 
end of the encapsulation mold is covered by the cover film so as 
to form a void at the vent-end edge portion; disposing the 
substrate with the cover film in the encapsulation mold; and 
injecting resin into a cavity between the upper mold and the 
substrate to encapsulate the semiconductor elements with the 
resin. 

The above-mentioned objects of the present 
invention are achieved by a method of manufacturing a 
semiconductor device, comprising the steps of: providing an 
encapsulation mold having an upper mold and a lower mold for 
clamping a rigid substrate, which supports one or more 
semiconductor elements on a surface of the substrate, between 
the upper mold and the lower mold at a time of resin 
encapsulation; attaching a release film to a surface of the lower 
mold so that the surface of the lower mold except a portion 
confronting a vent-end edge portion of the substrate 



corresponding to a vent end of the encapsulation mold is 
covered by the release film so as to form a void at the vent-end 
edge portion; disposing the substrate in the encapsulation mold; 
and injecting resin into a cavity between the upper mold and the 
substrate to encapsulate the semiconductor elements with the 
resin. 

The above-mentioned objects of the present 
invention are achieved by a method of manufacturing a 
semiconductor device, comprising the steps of: providing a rigid 
substrate which supports one or more semiconductor elements on 
a surface of the substrate and is clamped between an upper mold 
and a lower mold of an encapsulation mold at a time of resin 
encapsulation; forming the substrate with a slit located near a 
vent-end edge portion of the substrate corresponding to a vent 
end of the encapsulation mold;, attaching a release film to a 
surface of the lower mold so that the entire surface of the lower 
mold is covered by the release film; disposing the substrate with 
the slit formed therein in the encapsulation mold; and injecting 
resin into a cavity between the upper mold and the substrate to 
encapsulate the semiconductor elements with the resin. 

The above-mentioned objects of the present 
invention are achieved by a method of manufacturing a 
semiconductor device, comprising the steps of: disposing a rigid 
substrate, which supports one or more semiconductor elements 
on a surface of the substrate, between an upper mold and a lower 
mold of an encapsulation mold; clamping the substrate with the 
upper mold and the lower mold by setting a clamping pressure to 
a first pressure that is small enough to allow separation of the 
upper mold from the substrate surface at a vent-end edge portion 
of the substrate; injecting resin into a cavity of the 
encapsulation mold; setting, after an end of the resin injection, 
the clamping pressure to a second pressure that is larger than the 
first pressure and enough to compress the substrate surface by 
the upper mold at the vent-end edge portion; and encapsulating 
the semiconductor elements supported on the substrate surface 
with the injected resin. 

According to the manufacturing method of the 



present invention, the deformation, such as curvature or bending 
of the rigid substrate, arising in the unified molding process can 
be reduced. Moreover, the deformation of the wires of the 
semiconductor elements can be prevented by reducing the 
curvature or bending of the rigid substrate. Furthermore, the 
residual stress due to the curvature or bending of the 
semiconductor package after the resin encapsulation is 
performed can be reduced in order to prevent damaging of the 
internal semiconductor elements. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Other objects, features and advantages of the present 
invention will be apparent from the following detailed 
description when read in conjunction with the accompanying 
drawings. 

FIG. 1A and FIG. IB are diagrams for explaining a 
conventional molding process of a semiconductor device using a 
rigid substrate. 

FIG. 2 is a diagram showing an embodiment of the 
rigid substrate according to the invention. 

FIG. 3A, FIG. 3B, FIG. 3C and FIG. 3D are diagrams 
showing variations of the rigid substrate according to the 
invention. 

FIG. 4A and FIG. 4B are diagrams for explaining a 
molding process of the semiconductor device using the rigid 
substrate of FIG. 3A in an embodiment of the manufacturing 
method of the invention. 

FIG. 5A and FIG. 5B are diagrams for explaining a 
molding process in another embodiment of the manufacturing 
method of the semiconductor device of the invention. 

FIG. 6A and FIG. 6B are diagrams for explaining a 
molding process in another embodiment of the manufacturing 
method of the semiconductor device of the invention. 

FIG. 7A and FIG. 7B are diagrams for explaining a 
molding process in another embodiment of the manufacturing 
method of the semiconductor device of the invention. 

FIG. 8 is a diagram showing another embodiment of 



the rigid substrate according to the invention. 

FIG. 9A and FIG. 9B are diagrams for explaining a 
molding process of the semiconductor device using the rigid 
substrate of FIG. 8 in another embodiment of the manufacturing 
5 method of the invention. 

FIG. 10A, FIG. 10B, FIG. IOC, FIG. 10D and FIG. 
10E are diagrams for explaining a molding process in another 
embodiment of the manufacturing method of the semiconductor 
device of the invention. 
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DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

A description will now be given of preferred 
embodiments of the present invention with reference to the 
accompanying drawings. 

15 FIG. 2 shows an embodiment of the rigid substrate 

according to the invention. 

As shown in FIG. 2, the rigid substrate 1 is in a 
generally rectangular form. The rigid substrate 1 includes a 
gate-end edge portion 5 (indicated by the shaded lines in FIG. 2), 

20 a set of vent-end edge portions 4 (indicated in black in FIG. 2), 

a chip support surface which supports a plurality of 
semiconductor elements (chips) thereon, and an electrode 
support surface which is opposite to the chip support surface. 

The die-bonding process and the wire-bonding 

25 process are already performed with the rigid substrate 1 of FIG. 

2. The plurality of semiconductor elements (chips) are arranged 
on the chip support surface of the rigid substrate 1, and they are 
mounted in the chip array regions la and lb. The surface 
electrodes (pads) of each semiconductor element and the 

30 connection terminals (electrodes) formed on the rigid substrate 1 

are interconnected by the wires (not shown). 

The chip support surface of the rigid substrate 1 is 
divided along its center into the chip array region la (the left 
half) and the chip array region lb (the right half). In this 

35 embodiment, the 6x8 semiconductor elements (chips) in which 

the integrated circuits are formed therein are arranged in a two- 
dimensional array, and they are mounted in each of the chip 
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array regions la and lb, respectively. 

The rigid substrate 1 of FIG. 2 is subjected to the 
unified molding process so that the resin-encapsulation portion 
is formed, and the semiconductor elements in the chip array 
regions la and lb are encapsulated by the resin collectively. 

The dicing process is performed after the resin 
encapsulation is performed. In the dicing process, the chip 
array regions la and lb of the rigid substrate 1 enclosed in the 
resin-encapsulation portion are cut along the dicing lines 12 and 
13, so that the semiconductor device is divided into the separate 
semiconductor elements (chips) by the cutting. 

Moreover, before the unified molding process is 
performed, the rigid substrate 1 of FIG. 2 is disposed between 
the upper mold and the lower mold of the encapsulation mold, 
and the rigid substrate 1 is clamped by the encapsulation mold at 
the gate-end edge portion 5 and the vent-end edge portions 4 of 
the chip support surface. 

In that case, the rigid substrate 1 is clamped not only 
at the vent-end edge portion 4 and the gate-end edge portion 5, 
which are the lower and upper edges of the rectangular-shape 
rigid substrate 1, but also at the vent-end edge portions 4, which 
are the left-hand, middle and right-hand edges of the 
rectangular-shape rigid substrate 1. Hence, the deformation of 
the rigid substrate after the resin encapsulation and the 
deformation of the semiconductor elements or the wires at the 
time of the resin encapsulation can be reduced effectively. 

FIG. 3A through FIG. 3D show variations of the 
rigid substrate 1 according to the invention. 

In the examples of FIG. 3A through FIG. 3D, the 
rigid substrate 1 is provided with the gate-end edge portion 5, 
the vent-end edge portions 4, the chip support surface which 
supports one or more semiconductor elements (chips) thereon, 
and the electrode support surface (the back surface) which is 
opposite to the chip support surface. The rigid substrate 1 is 
further provided with the solder-resist removal portion 7a to 7d 
(void) which is formed on the electrode support surface at the 
position corresponding to the vent-end edge portion 4 so that the 
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thickness of the rigid substrate 1 at the vent-end edge portion 4 
is smaller than the thickness of the remainder of the rigid 
substrate 1 other than the vent-end edge portion 4. 

In the preparation of the rigid substrate 1, the 
solder-resist removal portion 7a to 7d is formed by removing 
entirely or partially the solder resist on the electrode support 
surface at the vent-end edge portion 4 of the rigid substrate 1. 

In the rigid substrate 1 of this embodiment, the 
solder-resist removal portion 7a to 7d serves to reduce the 
deformation of the rigid substrate 1 after the resin encapsulation 
and the deformation of the semiconductor elements at the time 
of the resin encapsulation. 

In the example of FIG. 3A, the solder-resist removal 
portion 7a (indicated by the shaded lines in FIG. 3A) is formed 
by removing entirely the solder resist on the electrode support 
surface at the vent-end edge portion 4 of the rigid substrate 1. 
This vent-end edge portion 4 corresponds to the lower edge of 
the rectangular-shape rigid substrate 1 as shown in FIG. 3A. 

In the example of FIG. 3B, the solder-resist removal 
portions 7b (indicated by the shaded lines in FIG. 3B) are 
formed by removing partially and intermittently the solder resist 
on the electrode support surface at the vent-end edge portion 4 
of the rigid substrate 1. This vent-end edge portion 4 
corresponds to the lower edge of the rectangular-shape rigid 
substrate 1 as shown in FIG. 3B. 

In the example of FIG. 3C, the solder-resist removal 
portions 7c (indicated by the shaded lines in FIG. 3C) are 
formed by removing entirely the solder resist on the electrode 
support surface at the vent-end edge portions 4 of the rigid 
substrate 1 other than the gate-end edge portion 5. The vent-end 
edge portions 4 correspond to the lower, left-hand, middle and 
right-hand edges of the rectangular-shape rigid substrate 1 as 
shown in FIG. 3C. Namely, the solder-resist removal portions 
7c are formed by removing the solder resist on the electrode 
support surface of the rigid substrate 1 at all the edge portions 
of the rigid substrate 1 except the gate-end edge portion 5 which 
is the upper edge of the rectangular-shape rigid substrate 1. 
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In the example of FIG. 3D, the solder-resist removal 
portions 7d (indicated by the shaded lines in FIG. 3D) are 
formed by removing entirely or partially the solder resist on the 
electrode support surface of the rigid substrate 1 at all the edge 
5 portions of the rigid substrate 1 except the gate-end edge 

portion 5 which is the upper edge of the rectangular-shape rigid 
substrate 1. Namely, the solder-resist removal portions 7d are 
formed by removing entirely the solder-resist on the electrode 
support surface of the rigid substrate 1 at the vent-end edge 

10 portion 4 which is the lower edge of the rectangular-shape rigid 

substrate 1, and removing partially the solder-resist on the 
electrode support surface of the rigid substrate 1 at the vent-end 
edge portions 4 which are the left-hand, middle and right-hand 
edges of the rectangular-shape rigid substrate 1. 

15 In the respective examples of the rigid substrate 1 

shown in FIG. 3A through FIG. 3D, the deformation of the 
semiconductor elements in the molding process can be prevented 
by changing the solder-resist design on the back surface of the 
rigid substrate 1 at the portions other than the gate-end edge 

20 portion 5. Moreover, the residual stress in the rigid substrate 1 

due to the curvature or bending of the rigid substrate 1 after the 
resin encapsulation is performed can be reduced. 

In the following description, the solder-resist 
removal portion 7a to 7d mentioned above will be referred to as 

25 void 7. 

FIG. 4A and FIG. 4B are diagrams for explaining the 
molding process of the semiconductor device using the rigid 
substrate of FIG. 3A in an embodiment of the manufacturing 
method of the invention. 

30 As shown in FIG. 4A, the rigid substrate 1 of this 

embodiment is disposed between the upper mold 2 and the lower 
mold 3 of the encapsulation mold, and the void corresponding to 
the void 7 of the rigid substrate 1 is formed between the 
electrode support surface of the rigid substrate 1 and the lower 

35 mold 3 at the vent-end edge portion 4 of the rigid substrate 1. 

Next, as shown in FIG. 4B, the resin is injected into 
the mold cavity 2a of the upper mold 2 of the encapsulation 
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mold from the gate end (on the right-hand side of the figure). 
The resin-encapsulation portion 11 (indicated by the shaded 
lines in FIG. 4B) which encapsulates the semiconductor 
elements supported by the chip support surface of the rigid 
5 substrate 1 is formed with the injected resin. 

In the preparation process of the rigid substrate 1, 
the solder resist on the back surface of the rigid substrate 1 at 
the vent-end edge portion 4 of the rigid substrate 1 is removed 
or thinned. And, in the molding process of FIG. 4B, the void (or 

10 the solder-resist removal portion 7) is formed between the vent- 

end edge portion 4 of the rigid substrate 1 and the lower mold 3 
by making the substrate thickness at the vent-end edge portion 4 
smaller than at the remaining portions of the rigid substrate 1. 

Accordingly, the clamping pressure exerted by the 

15 upper mold 2 and the lower mold 3 on the vent-end edge portion 

4 of the rigid substrate 1 is reduced, and the stress, causing the 
curvature or bending of the rigid substrate 1 and acting in the 
direction toward the upper mold at the time of the resin 
injection, can be released to the vent end of the encapsulation 

20 mold, and the deformation of the wires as in the conventional 

manufacturing method can be prevented. 

Moreover, the residual stress due to the curvature or 
bending of the semiconductor package after the resin 
encapsulation is performed can also be reduced, and the 

25 deformation and damage of the internal semiconductor elements 

(chips) can be prevented. 

FIG. 5A and FIG. 5B are diagrams for explaining the 
molding process of the semiconductor device in another 
embodiment of the manufacturing method of the invention. 

30 In the present embodiment, as shown in FIG. 5A, the 

encapsulation mold in which the void 8 is formed at a 
predetermined position on the side of the vent end of the lower 
mold 3 is prepared. The solder-resist removal portion 7 as in 
the previous embodiment is not prepared in the rigid substrate 1 

35 of the present embodiment. 

As shown in FIG. 5A, the rigid substrate 1 is 
disposed between the upper mold 2 and the lower mold 3 of the 
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encapsulation mold, and the void corresponding to the void 8 of 
the lower mold 3 is formed between the electrode support 
surface (the back surface) of the rigid substrate 1 and the lower 
mold 3 at the vent-end edge portion 4 of the rigid substrate 1. 

Next, as shown in FIG. 5B, the resin is injected into 
the mold cavity 2a of the upper mold 2 of the encapsulation 
mold from the gate end (on the right-hand side of the figure). 
The resin-encapsulation portion 11 (indicated by the shaded 
lines in FIG. 5B) which encapsulates the semiconductor 
elements supported by the chip support surface of the rigid 
substrate 1 is formed with the injected resin. 

According to the present embodiment, the vent-end 
portion of the lower mold 3 is cut off, and in the molding 
process of FIG. 5B, the void between the lower mold 3 and the 
vent-end edge portion 4 of the rigid substrate 1 is formed. 
Accordingly, the clamping pressure exerted by the upper mold 2 
and the lower mold 3 on the vent-end edge portion 4 of the rigid 
substrate 1 is reduced, and the stress, causing the curvature or 
bending of the rigid substrate 1 and acting in the direction 
toward the upper mold at the time of the resin injection, can be 
released to the vent end of the encapsulation mold, and the 
deformation of the wires as in the conventional manufacturing 
method can be prevented. 

Moreover, the residual stress due to the curvature or 
bending of the semiconductor package after the resin 
encapsulation is performed can also be reduced, and the 
deformation and damage of the internal semiconductor elements 
(chips) can be prevented. 

FIG. 6A and FIG. 6B are diagrams for explaining the 
molding process of the semiconductor device in another 
embodiment of the manufacturing method of the invention. 

In the present embodiment, as shown in FIG. 6A, a 
cover film 22 is attached by the adhesive to the electrode 
support surface of the rigid substrate 1 except the vent-end edge 
portion 4, so that the thickness of the rigid substrate 1 (with the 
cover film 22 attached) at the vent-end edge portion 4 is smaller 
than the thickness of the remainder of the rigid substrate 1 (with 
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the cover film 22 attached) other than the vent-end edge portion 
4. 

As shown in FIG. 6A, the rigid substrate 1 with the 
cover film 22 is disposed between the upper mold 2 and the 
lower mold 3 of the encapsulation mold, and the void 22a 
corresponding to the portion where the cover film 22 is not 
attached is formed between the electrode support surface of the 
rigid substrate 1 and the lower mold 3 at the vent-end edge 
portion 4 of the rigid substrate 1. 

Next, as shown in FIG. 6B, the resin is injected into 
the mold cavity 2a of the upper mold 2 of the encapsulation 
mold from the gate end (on the right-hand side of the figure). 
The resin-encapsulation portion 11 (indicated by the shaded 
lines in FIG. 6B) which encapsulates the semiconductor 
elements supported by the chip support surface of the rigid 
substrate 1 is formed with the injected resin 11. 

According to the present embodiment, the void 22a 
is formed between the vent-end edge portion 4 of the back 
surface of the rigid substrate 1 and the lower mold 3 by sticking 
the cover film 22 to the back surface of the rigid substrate 1 
except the vent-end edge portion 4, and making the total 
thickness of the rigid substrate 1 and the cover film 22 at the 
vent-end edge portion 4 smaller than at the other portions. 

Accordingly, the clamping pressure exerted by the 
upper mold 2 and the lower mold 3 on the vent-end edge portion 
4 of the rigid substrate 1 is reduced, and the stress, causing the 
curvature or bending of the rigid substrate 1 and acting in the 
direction toward the upper mold at the time of the resin 
injection, can be released to the vent end of the encapsulation 
mold, and the deformation of the wires as in the conventional 
manufacturing method can be prevented. Moreover, the residual 
stress due to the curvature or bending of the semiconductor 
package after the resin encapsulation is performed can also be 
reduced, and the deformation and damage of the internal 
semiconductor elements (chips) can be prevented. 

FIG. 7A and FIG. 7B are diagrams for explaining the 
molding process of the semiconductor device in another 
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embodiment of the manufacturing method of the invention. 

In the present embodiment, as shown in FIG. 7A, a 
release film 20 is attached by the adhesive to the lower mold 3 
of the encapsulation mold except the vent-end portion of the 
lower mold 3, so that the void between the vent-end edge 
portion 4 of the electrode support surface of the rigid substrate 
1 and the lower mold 3 is formed. 

The rigid substrate 1 is disposed between the upper 
mold 2 and the lower mold 3 of the encapsulation mold, and the 
void corresponding to the portion where the release film 20 is 
not attached to the lower mold 3 is formed between the back 
surface of the rigid substrate 1 and the lower mold 3. 

Next, as shown in FIG. 7B, the resin is injected into 
the mold cavity 2a of the upper mold 2 of the encapsulation 
mold from the gate end (on the right-hand side of the figure). 
The resin-encapsulation portion 11 (indicated by the shaded 
lines in FIG. 7B) which encapsulates the semiconductor 
elements supported by the chip support surface of the rigid 
substrate 1 is formed with the injected resin. 

According to the present embodiment, the void is 
formed between the vent-end edge portion 4 of the back surface 
of the rigid substrate 1 and the lower mold 3 by attaching the 
release film 20 to the lower mold 3 except the vent-end portion 
thereof, and making the total thickness of the rigid substrate 1 
and the release film 20 at the vent-end edge portion 4 smaller 
than at the other portions. 

Accordingly, the clamping pressure exerted by the 
upper mold 2 and the lower mold 3 on the vent-end edge portion 
4 of the rigid substrate 1 is reduced, and the stress, causing the 
curvature or bending of the rigid substrate 1 and acting in the 
direction toward the upper mold at the time of the resin 
injection, can be released to the vent end of the encapsulation 
mold. The deformation of the wires as in the conventional 
manufacturing method can be prevented. Moreover, the residual 
stress due to the curvature or bending of the semiconductor 
package after the resin encapsulation is performed can also be 
reduced, and the deformation and damage of the internal 
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semiconductor elements (chips) can be prevented. 

FIG. 8 shows another embodiment of the rigid 
substrate according to the invention. 

As shown in FIG. 8, the rigid substrate 1 is provided 
5 with a slit 21 which is formed near the vent-end edge portion 4 

which is the lower edge of the rectangular-shape rigid substrate 
1. The slit 21 is provided so that it is open to the resin- 
encapsulation portion which will be formed within the mold 
cavity of the encapsulation mold when the rigid substrate 1 is 
10 disposed in the encapsulation mold. 

In the present embodiment, the slit 21 of the rigid 
substrate 1 serves to reduce the injection pressure of the resin 
which may cause the curvature or bending of the rigid substrate 
1 to be produced in the direction toward the upper mold at the 
15 time of the resin injection. Therefore, the slit 21 functions to 

reduce the deformation of the rigid substrate 1 after the resin 
encapsulation and the deformation of the semiconductor 
elements at the time of the resin encapsulation. 

FIG. 9A and FIG. 9B are diagrams for explaining the 
20 molding process of the semiconductor device using the rigid 

substrate of FIG. 8 in another embodiment of the manufacturing 
method of the invention. 

FIG. 9A shows a state of the semiconductor device 
before the resin injection is performed in the unified molding 
25 process, and FIG. 9B shows a state of the semiconductor device 

after the resin injection is performed. 

The encapsulation mold used for the semiconductor 
device of FIG. 9A is provided with the upper mold 2 and the 
lower mold 3, and the mold cavity 2a is formed in the upper 
30 mold 2. 

First, as shown in FIG. 9A, the rigid substrate 1 is 
disposed between the upper mold 2 and the lower mold 3. In 
this state, the slit 21 on the chip support surface of the rigid 
substrate 1 is open to the mold cavity 2a of the upper mold 2. 
35 The release film 20 is attached by the adhesive to 

the lower mold 3 so that the electrode support surface (the back 
surface) of the rigid substrate 1 is completely covered by the 
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release film 20 on the lower mold 3. 

Next, as shown in FIG. 9B, the resin is injected from 
the gate end (on the right-hand side of the figure) into the mold 
cavity 2a of the upper mold 2. The resin-encapsulation portion 
5 11 (indicated by the shaded lines in FIG. 9B) which collectively 

encapsulates two or more semiconductor elements supported by 
the chip support surface of the rigid substrate 1 is formed with 
the injected resin. 

According to the unified molding process of the 

10 semiconductor device using the rigid substrate 1 of FIG. 8, the 

slit 21 is formed near the vent-end edge portion 4 of the rigid 
substrate 1, and the deformation of the semiconductor device 
can be prevented by reducing the injection pressure of the resin 
which may cause the curvature or bending of the rigid substrate 

15 to be produced in the direction toward the upper mold 2 at the 

time of the resin injection. Moreover, the residual stress due to 
the curvature or bending of the rigid substrate after the resin 
encapsulation is performed can also be reduced, and the 
deformation and damage of the internal semiconductor elements 

20 can be prevented. 

Furthermore, according to the present embodiment, it 
is possible to prevent, with the release film 20 attached to the 
lower mold 3 completely, the leaking of the injected resin from 
the slit 21 and the entering of the injected resin to the back 

25 surface of the rigid substrate 1. 

FIG. 10A through FIG. 10E are diagrams for 
explaining the molding process of the semiconductor device in 
another embodiment of the manufacturing method of the 
invention. 

30 FIG. 10C shows a state of the semiconductor device 

before the resin injection is performed in the unified molding 
process, FIG. 10D shows a state of the semiconductor device at 
the time of performing the resin injection, and FIG. 10E shows a 
state of the semiconductor device after the resin injection is 

35 performed. 

FIG. 10A is an enlarged view of the vent-end edge 
portion 4 of the rigid substrate 1 before the resin injection 
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indicated by the character A in FIG. IOC or the vent-end edge 
portion 4 at the time of the resin injection indicated by the 
character B in FIG. 10D. FIG. 10B is an enlarged view of the 
vent-end edge portion 4 of the rigid substrate 1 after the resin 
5 injection indicated by the character C in FIG. 10E. 

The molding process of FIG. 10A through FIG. 10E 
is performed using the transfer molding equipment (not shown). 
The transfer molding equipment is provided with the upper mold 
2 and the lower mold 3 of the encapsulation mold, and the mold 

10 cavity 2a is formed in the upper mold 2. Moreover, the transfer 

molding equipment is provided with the control unit which is 
capable of adjusting the clamping pressure to clamp the rigid 
substrate 1 between the upper mold 2 and the lower mold 3. 

In the present embodiment, the rigid substrate 1 

15 includes the gate-end edge portion 5, the vent-end edge portions 

4, the chip support surface that supports a plurality of 
semiconductor elements (chips), and the electrode support 
surface which is opposite to the chip support surface. 

First, as shown in FIG. 10C, the rigid substrate 1 is 

20 disposed between the upper mold 2 and the lower mold 3. 

The die-bonding process and the wire-bonding process are 
already completed with the rigid substrate 1 in this state. The 
plurality of semiconductor elements (chips) are arranged on the 
chip support surface of the rigid substrate 1, and they are 

25 mounted in the chip array regions. The surface electrodes 

(pads) of each semiconductor element and the connection 
terminals (electrodes) formed on the rigid substrate 1 are 
interconnected by the wires (not shown). 

Next, with the transfer molding equipment, the 

30 temporary clamping of the rigid substrate 1 with the upper mold 

2 and the lower mold 3 is carried out by setting the clamping 
pressure to a first pressure that is small enough to allow 
separation of the upper mold 2 from the chip support surface of 
the rigid substrate 1 at the vent-end edge portion 4 at the time 

35 of the resin injection which is the subsequent process. 

As shown in FIG. 10A, during the resin injection, 
the upper mold 2 and the rigid substrate 1 are in contact with 
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each other or in a state in which the upper mold 2 is slightly 
separated from the rigid substrate 1 at the vent-end edge portion 
4. This makes it possible to reduce the injection pressure of the 
resin which may cause the curvature or bending of the rigid 
substrate 1 to be produced in the direction toward the upper 
mold 2. The stress acting in the direction toward the upper mold 
2 can be released to the vent-end edge portion 4. 

Next, as shown in FIG. 10D, the resin 11 is injected 
into the mold cavity 2a of the upper mold 2 from the gate end. 

Simultaneously with the end of the injection of the 
resin 11, as shown in FIG. 10B or FIG. 10E, with the transfer 
molding equipment, the clamping pressure is set to a second 
pressure that is larger than the first pressure and enough to 
inhibit separation of the upper mold 2 from the chip support 
surface of the rigid substrate 1 at the vent-end edge portion 4, 
and the final clamping of the rigid substrate 1 with the upper 
mold 2 and the lower mold 3 is carried out. The chip support 
surface of the rigid substrate 1 at the vent-end edge portion 4 is 
actually compressed by the upper mold 2. 

Next, the resin-encapsulation portion 11, which 
collectively encapsulates the semiconductor elements supported 
by the chip support surface of the rigid substrate 1, is formed 
with the injected resin. 

When compared with the molding process of the 
above-described embodiment, in the conventional molding 
process, after the final clamping of the rigid substrate with the 
encapsulation mold is carried out, the resin injection is 
performed. Hence, there is the problem that the deformation of 
the curvature or bending of the substrate and the deformation of 
the semiconductor elements and the wires thereof may easily 
arise. 

According to the molding process of the above- 
described embodiment of FIG. 10A through FIG. 10E, the 
clamping pressure of the rigid substrate 1 is controlled 
selectively in accordance with the elapsed time between the start 
of the resin injection and the end of the resin injection. 

The deformation of the semiconductor elements and 
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the wires thereof can be prevented by carrying out the above- 
mentioned temporary clamping of the rigid substrate 1 in the 
encapsulation mold at the time of the resin injection as shown in 
FIG. 10A. The temporary clamping serves to release the 
injection pressure of the resin, causing the curvature or bending 
of the rigid substrate 1 and acting in the direction toward the 
upper mold 2 at the time of the resin injection, to the vent end 
of the encapsulation mold. 

Moreover, the leakage of the resin from the vent-end 
edge portion 4 of the rigid substrate 1 can be prevented by 
performing the final clamp of the rigid substrate 1 
simultaneously with the end of the resin injection as shown in 
FIG. 10B. Moreover, the residual stress due to the curvature or 
bending of the semiconductor package after the resin 
encapsulation is performed can also be reduced, and the 
deformation and damage of the internal semiconductor elements 
can be prevented. 

The present invention is not limited to the above- 
described embodiments, and variations and modifications may be 
made without departing from the scope of the present invention. 



